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dinates of the aircraft and a Selected runway. Based on these
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coordinate values, the processor determines a coordinate
distance between the aircraft and Selected runway. The
processor also compares the altitude of the aircraft to a
predetermined glideslope constructed about the runway.
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distance value as the corrected distance between the aircraft

and the Selected runway. For instance, in one embodiment,
the processor compares the coordinate and calculated dis
tance values and Selects the larger of the values as the
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2
Sents a distance ahead of the aircraft in which the ground
proximity warning System will provide warnings to the flight
crew. By restricting the distance in front of the aircraft for
which alarms are generated, the number of nuisance alarms

METHODS, APPARATUS AND COMPUTER
PROGRAM PRODUCTS FOR DETERMINING
A CORRECTED DISTANCE BETWEEN AN
AIRCRAFT AND A SELECTED RUNWAY

is reduced.

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/118,222, filed in the name of Kevin

The number of nuisance alarms is also reduced by basing
the value of the look ahead distance as a function of the

J. Conner and Steven C. Johnson on Feb. 1, 1999, the

complete disclosure of which is incorporated herein by
reference.
FIELD OF THE INVENTION

The present invention relates generally to ground proX
imity warning Systems for use in aircraft. More particularly,
the apparatus, methods, and computer program products of
the present invention relate to determining a corrected
distance between an aircraft and a Selected runway to
thereby account for the altitude of the aircraft above the
Selected runway as the aircraft approaches the runway.

15

in FIG. 2:

BACKGROUND OF THE INVENTION

An important advancement in aircraft flight Safety has
been the development of ground proximity warning Systems.
These warning Systems analyze the flight parameters of the
aircraft and the terrain Surrounding the aircraft. Based on
this analysis, these warning Systems provide alerts to the
flight crew concerning possible inadvertent collisions with

LADD. R-(3.25/6)(Distance to Runway)-0.3333,

for look ahead distance (LAD) values between 0.75

25

terrain or other obstacles.

Two important aspects of ground proximity warning
Systems are the need to operate independent of user input
and the need to reduce the number of nuisance alarms

provided to the flight crew. In light of this, at least one
ground proximity warning System has been developed that,
for the most part, operates independent of user input and
provides mechanisms to reduce the number of nuisance
alarms published to the flight crew.
Specifically, to operate independent of user input, this
ground proximity warning System continuingly Selects a
runway that is near the current position of the aircraft. The
global coordinates and elevation of the Selected runway are
used by the ground proximity warning System for ground
proximity warning calculations. For instance, the ground
proximity warning System uses the flight parameters of the
aircraft, Such as the position, altitude, ground Speed, track
and heading of the aircraft, and the global coordinates and
elevation of the Selected runway to construct terrain clear
ance floor envelopes about the aircraft. Based on these
terrain clearance floor envelopes, the ground proximity
warning System provides alarms to the flight crew of any
impending interSection of the flight path with terrain or

35

45

lopes is advantageous for reducing nuisance alarms when
the aircraft is actually landing on the runway, it may be leSS
advantageous when the aircraft is merely flying near the
runway en route to another destination.
To address this problem, the conventional ground proX
imity warning System typically places a lower limit on the

50

respect to the runway that is greater than a predetermined
altitude. For example, if the altitude of the aircraft above the
runway is greater than 3500 ft, the ground proximity warn
ing System may limit the look ahead distance value

look ahead distance value, if the aircraft has an altitude with

(LADD, a r) to a minimum value of, for example,

55

the occurrence of nuisance alarms. AS the aircraft

approaches the Selected runway, the terrain clearance floor
envelopes are typically altered to reflect a landing approach
pattern for the aircraft. Alteration of the terrain clearance
floor envelopes based on a landing pattern reduces the
number of nuisance alarms generated.
The ground proximity warning System also uses a

nms LADS 4 nn corresponding to distances between the
aircraft and runway of 2 to 8 nm. The look ahead distance
equation is designed to reduce the look ahead distance of the
ground proximity warning System as the aircraft approaches
the runway to thereby reduce nuisance alarms.
While the use of a selected runway for terrain clearance
floor envelopes and look ahead distance calculations is
advantageous as it allows the ground proximity System to
operate independent of the user input, there are Some draw
backS. Specifically, because the ground proximity Warning
System does not receive user input concerning the destina
tion of the aircraft, as the aircraft approaches the Selected
runway, the terrain clearance floor envelopes and look ahead
distance value are typically reduced as though the aircraft is
landing on the Selected runway. Although reduction of the
look ahead distance value and terrain clearance floor enve

40

obstacles.

In addition to aiding in the generation of terrain clearance
floor envelopes independent of user input, the Selected
runway is also used to reduce the number of nuisance alarms
generated. Specifically, the ground proximity warning Sys
tem alters the terrain clearance floor envelopes based on the
distance between the aircraft and Selected runway to prevent

distance between the aircraft and the Selected runway. AS an
aircraft approaches a runway for landing, the ground proX
imity warning System reduces the value of the look ahead
distance based on the proximity of the aircraft to the Selected
runway. Specifically, as illustrated in FIG. 1, the ground
proximity warning System typically uses the coordinate
distance 14 between the aircraft 10 and selected runway 12
for ground proximity warning calculations. With reference
to FIG. 2, the ground proximity warning System determines
the look ahead distance value by comparing a distance
between the aircraft and Selected runway to a look ahead
distance equation, Such as the equation depicted graphically

2.375 nm. AS Such, as the aircraft approaches the Selected
runway, the lookahead distance value will be reduced by the
equation depicted graphically in FIG. 2 until the look ahead
distance value is equal to the minimum look ahead distance
value, i.e., 2.375 nm, at which point the look ahead distance
value is no longer reduced, as depicted in dashed lines.
Although limiting the look ahead distance value to a
minimum value based on the altitude of the aircraft above

60

65

the runway is advantageous, there are Some drawbacks to
this approach. Specifically, the conventional ground proX
imity System does not adjust the minimum look ahead
distance value for an aircraft that has an altitude with respect
to the runway that is significantly higher than the predeter
mined altitude. For example, if the predetermined altitude is

restricted look ahead distance to reduce the occurrence of

3500 ft, an aircraft that is 20,000 ft above the selected

nuisance alarms. The restricted look ahead distance repre

runway will have the same minimum look ahead distance

US 6,477,449 B1
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one embodiment, the processor compares the coordinate and
calculated distance values and Selects the larger of the values
as the corrected distance between the aircraft and the
Selected runway.
AS discussed above, the predetermined glideslope value
defines a predefined relationship between altitude and dis
tance to the Selected runway. In one embodiment, the
predetermined glideslope value is expressed by the equation:

3
value as if the aircraft is 3500 ft above the selected runway.
In light of this, a ground proximity warning System that
accounts for the altitude of the aircraft above the selected

runway in determining a distance between the aircraft and
Selected runway for ground proximity warning calculations
would be desirable.
SUMMARY OF THE INVENTION

AS Set forth below, the apparatus, methods, and computer
program products of the present invention may overcome
many of the deficiencies identified with the use of the
distance between an aircraft and Selected runway for ground
proximity warning calculations. The present invention pro
vides Several apparatus, methods, and computer program
products for determining a corrected distance between an
aircraft and a Selected runway. Specifically, the present

where

0=predetermined glideslope angle,
Y=altitude above the runway in ft, and
X=calculated distance value in ft.
15

equation. The processor next compares the coordinate dis
tance between the aircraft and the Selected runway to the

invention Selects either the coordinate distance between the

aircraft and the Selected runway or a calculated distance
value as the corrected distance value for ground proximity
warning calculations. The calculated distance value is a

calculated distance value. If the calculated distance value

exceeds the coordinate distance value, the processor deter
mines that the aircraft has a glideslope angle with respect to
the runway that exceeds the predetermined glideslope value.
In this instance, the processor Selects the calculated distance
as the corrected distance to runway value. Likewise, if the

distance value calculated based on a mathematical relation

ship between the altitude of the aircraft and a predetermined
glideslope. The predetermined glideslope value is a maxi
mum glideslope, above which, the aircraft is most likely not
landing on the Selected runway. The determination of the
corrected distance between the aircraft and Selected runway
is therefore based on the aircraft's altitude and position with
respect predefined glideslope.
Specifically, the predetermined glideslope defines a
glideslope angle above which the aircraft is most likely not
landing on the runway. If the altitude and distance of the
aircraft is Such that the aircraft has a glideslope angle with
respect to the runway that exceeds the predetermined glides
lope value, it is assumed that the aircraft is not landing on
the Selected runway. In this instance, the apparatus, methods,
and computer program products Select the calculated dis
tance value, as opposed to the coordinate distance value for
ground proximity warning calculations.
By Selecting a corrected distance value based on the
distance and altitude between the aircraft and runway and
the predetermined glideslope, the present invention can
alleviate Some of the problems associated with using a
Selected runway for ground proximity warning calculations.
Specifically, if the aircraft is positioned in relation to the
Selected runway Such that it is unlikely that the aircraft is
landing on the runway, the present invention Selects a
calculated distance value for use in the ground proximity
warning calculations. This may be advantageous as the
calculated distance value accounts for the altitude of the

aircraft in relation to a predetermined glideslope.
The present invention provides several embodiments for
determining a corrected distance between an aircraft and a
Selected runway. For example, one embodiment of the
present invention provides an apparatus and method for
determining a corrected distance between an aircraft and a
Selected runway based on an altitude and distance of the
aircraft from the Selected runway. The apparatus of this
embodiment includes a processor. In operation, the proces
Sor compares the coordinate distance between the aircraft
and Selected runway and a calculated distance value calcu
lated based on the altitude of the aircraft above the runway
and a predetermined glideslope. The processor Selects either
the coordinate distance or the calculated distance value as
the corrected distance between the aircraft and the Selected

runway based on a mathematical relationship between the
coordinate and calculated distance values. For instance, in

In this embodiment of the present invention, the processor
determines the calculated distance value based on this
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calculated distance value is less than the coordinate distance

value, the processor determines that the aircraft has a
glideslope angle with respect to the runway that is less than
the predetermined glideslope value. In this instance, the
processor Selects the coordinate distance as the corrected
distance to runway value.
The present invention also provides computer program
products for determining a corrected distance between an
aircraft and a selected runway based on an altitude and
distance of the aircraft from the selected runway. The
computer program products include a computer readable
Storage medium having computer readable program code
means embodied in the medium. The computer-readable
program code means includes first computer instruction
means for comparing a coordinate distance value represent
ing a distance between the global coordinate values of the
aircraft and the global coordinate values of the Selected
runway to a calculated distance value calculated based on
the altitude of the aircraft above the runway and a prede
termined glideslope. The computer-readable program code
means also includes Second computer instruction means for
Selecting one of the coordinate distance value and the
calculated distance value as the corrected distance between

the aircraft and the Selected runway based on a mathematical
relationship between the coordinate and calculated distance
50

55

60

values.

The present invention also provides an apparatus and
method for determining a corrected distance between an
aircraft and a Selected runway based on the position of the
aircraft with respect to an envelope constructed about the
Selected runway, where the envelope represents a predeter
mined glideslope angle. In this embodiment of the present,
the processor evaluates the altitude and distance between the
aircraft and the Selected runway with relation to the enve
lope constructed about the runway. If the aircraft is within
the envelope, the processor Selects the coordinate distance
value representing a distance between the aircraft and the
selected runway. However, if the aircraft is outside of the
envelope, the processor Selects a calculated distance value
calculated based on the altitude of the aircraft above the

65

runway and the predetermined glideslope.
Specifically, in one embodiment of the present invention,
to determine whether the aircraft is inside the envelope
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S
constructed about the runway, the processor compares the

between an aircraft and Selected runway based on the
position of the aircraft with respect to the runway according
to one embodiment of the present invention.
FIG. 7 is a block diagram of the operations performed to
determine a look ahead distance for use in ground proximity
warning calculations according to one embodiment of the
present invention.
FIG. 8 is also a block diagram of the operations performed
to determine a look ahead distance for use in ground
proximity warning calculations according to one embodi
ment of the present invention.
FIG. 9 is a top view illustrating graphically the turning

coordinate and calculated distance values to each other. If

the coordinate distance value is larger than the calculated
distance value, the aircraft is inside the envelope. In this
instance, the processor Selects the coordinate distance as the
corrected distance value used for ground proximity warning
calculations. However, if the coordinate distance value is
less than the calculated distance value, the aircraft is outside

the envelope, and the processor Selects the calculated dis
tance as the corrected distance value.

Selection of the calculated distance value for ground
proximity warning calculations when the aircraft is outside
of the predefined envelope is typically advantageous.
Specifically, the calculated distance value accounts for the
altitude of the aircraft above the selected runway. Further, as
the aircraft approaches the runway at a given altitude, the
calculated distance value will correspond to a distance to
runway value at the given altitude along the predefined
envelope, while the actual distance value between the air
craft and selected runway will decrease. When the aircraft
exceeds the predefined glideslope, the calculated distance
value will correspond to a larger look ahead distance value

radius and reaction time of an aircraft.
15

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi

than the actual distance value. AS Such, if the aircraft

exceeds the predefined envelope, a larger look ahead dis
tance value will be used for ground proximity warning

25

calculations.

In addition to determining a corrected distance between
the aircraft and a Selected runway, the present invention also
includes apparatus and methods for determining a look
ahead distance value. In this embodiment, the processor
compares the corrected distance value to a ground Speed
look ahead distance value and a roll angle look ahead
distance value. In this embodiment, the ground speed look
ahead distance value is based upon the ground Speed of the
aircraft and an assumed turning radius of the aircraft, and the
roll angle look ahead distance value is based upon the roll
angle of the aircraft and an actual turning radius of the
aircraft. Based on this comparison, the processor Selects one
of the look ahead distances for use in ground proximity
warning calculations. Specifically, in one embodiment, the
processor Selects the Smaller of the calculated distance
value, ground Speed look ahead distance value, and the roll
angle look ahead distance value as the look ahead distance

35
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alarms.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view illustrating graphically the distance
between an aircraft and Selected runway.
FIG. 2 is a graphic illustration of the look ahead distance

50

value as a function of the distance between an aircraft and

Selected runway.
FIG. 3 is a block diagram of an apparatus for determining
a corrected distance between an aircraft and Selected runway
according to one embodiment of the present invention.
FIG. 4 is a block diagram of the operations performed to

55

determine a corrected distance between an aircraft and

Selected runway according to one embodiment of the present

60

invention.

FIG. 5 is also a block diagram of the operations performed
to determine a corrected distance between an aircraft and

Selected runway according to one embodiment of the present
invention.

FIGS. 6A and 6B are side views respectively illustrating
graphically the determination of a corrected distance

ments Set forth herein; rather, these embodiments are pro
Vided So that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements

throughout.
For illustrative purposes, the various apparatus, methods,
and computer program products of the present invention are
illustrated and described below in conjunction with the
ground proximity warning system of U.S. Pat. No. 5,839,
080 to Muller, entitled “Terrain Awareness System’ which is
assigned to the assignee of the present application. The
contents of U.S. Pat. No. 5,839,080 are incorporated herein
by reference.
FIG. 3 depicts many of the components of the ground
proximity warning system of U.S. Pat. No. 5,839,080 in
simplified block form for illustrative purposes, however, it is
understood that the functions of these blocks are consistent

40

value. The Smaller of the look ahead distance values is

typically Selected to provide the most conservative look
ahead distance to thereby reduce instances of nuisance

DETAILED DESCRIPTION OF THE
INVENTION

with and contain many of the Same components as the
ground proximity warning system described in U.S. Pat. No.
5,839,080. The ground proximity warning system 16
includes a look-ahead warning generator 18 that analyzes
terrain and aircraft data and generates terrain profiles Sur
rounding the aircraft. Based on these terrain profiles and the
position, track, and ground Speed of the aircraft, the look
ahead warning generator generates aural and/or visual warn
ing alarms related to the proximity of the aircraft to the
Surrounding terrain. Some of the Sensors that provide the
look-ahead warning generator with data input concerning
the aircraft are depicted. Specifically, the look-ahead warn
ing generator receives positional data from a position Sensor
20. The position sensor may be a portion of a global

positioning System (GPS), inertial navigation System (INS),
or flight management system (FMS). The look-ahead warn

ing generator also receives altitude and airspeed data from
an altitude Sensor 22 and airspeed Sensor 24, respectively,
and aircraft track and heading information from track 26 and
heading 28 Sensors, respectively.
In addition to receiving data concerning the aircraft, the
look-ahead warning System also receives data concerning
the terrain Surrounding the aircraft. Specifically, the look
ahead warning generator is also connected to a memory

device 30 that contains a searchable data base of data
65

relating, among other things, to the position and elevation of
various terrain features and also elevation, position, and
quality information concerning runways.
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In normal operation, the look-ahead warning generator
receives data concerning the aircraft from the various Sen
Sors. Additionally, the look-ahead warning generator
accesses terrain and airport information from the memory
device concerning the terrain Surrounding the aircraft and a
Selected runway-typically the runway that is closest in
proximity to the aircraft's current position. Based on the
current position, distance to the Selected runway, altitude
above the Selected runway, Speed, track, etc. of the aircraft,
the look-ahead warning generator generates terrain warning
and caution envelopes and generates alerts via either an
aural warning generator 32 and/or a display 34 as to terrain
that penetrate the terrain warning and caution envelopes. In
addition, the look-ahead warning generator generates a
terrain clearance floor and produces alerts if the aircraft falls
below the terrain clearance floor, Such as during landing.
AS discussed above, the present invention provides
apparatus, methods, and computer program products for
determining a corrected distance between an aircraft and a
Selected runway. Specifically, the apparatus, methods, and
computer program products of the present invention com
pare the distance and altitude between the aircraft and a
Selected runway to a predetermined glideslope, which
defines a glideslope angle, above which the aircraft is most
likely not landing on the runway. If the altitude and distance
of the aircraft are Such that the aircraft has a glideslope angle
with respect to the runway that exceeds the predetermined
glideslope value, it is assumed that the aircraft is not landing
on the Selected runway. In this instance, the apparatus,
methods, and computer program products Select a calculated
distance value, as opposed to a coordinate distance value for
ground proximity warning calculations. In this context, the

8
shown in FIG. 3. (See step 110). The processor first deter

mines the altitude of the aircraft above the runway by
subtracting the altitude of the aircraft from the elevation of

the runway in a summer 42. (See step 120). The processor
next determines a calculated distance value based on the

altitude of the aircraft above the runway and a predeter

mined glideslope value 44. (See step 130). The predefined

glideslope represents a predefined relationship, typically
defined in terms of a glideslope angle, between the altitude
above and the distance to the Selected runway. In this
embodiment, the calculated distance value is determined by
applying the altitude of the aircraft above the runway to the
predefined glideslope. The distance to the runway corre
sponding to the altitude along the predefined glideslope is
15

The processor also determines a coordinate distance
value. Specifically, the processor receives data concerning
the global coordinates of the aircraft from the position
sensor 20, shown in FIG.3, and the global coordinates of the
selected runway from the searchable data base of the

memory device 30, shown in FIG. 3. (See step 140). The

processor generates a coordinate distance value 46 repre
Senting a distance between the global coordinate values of
the aircraft and the global coordinate values of the Selected

25

dinate and the calculated distance values with a comparator
distance values as the corrected distance between the aircraft

and the Selected runway based on a mathematical relation
ship between the coordinate and calculated distance values.

(See step 170). For example, in one embodiment of the

present invention, the processor Selects the larger of the

coordinate distance or the calculated distance values as the
corrected distance value between the aircraft and the
35
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calculated distance value accounts for the altitude of the

aircraft in relation to a predetermined glideslope.
AS Such, with reference to FIG. 3, an apparatus for
determining a corrected distance between an aircraft and
selected runway is illustrated. In one embodiment of the
present invention, the apparatus includes a processor 36
located in the look-ahead warning generator. The processor
may either be part of the processor of the look-ahead
warning generator or it may be a separate processor located
either internal or external to the look-ahead warning gen

50

Selected runway.
FIG. 5, illustrates a comparator and selector for determin
ing a corrected distance to runway. It must be understood
that these may be separate components or they may repre
Sent functions performed by the processor.
AS discussed above, the present invention determines a
calculated distance value based on the positional relation
ship of the aircraft with respect to the selected runway. The
calculated distance value is based on the relationship of the
altitude of the aircraft with respect to a predefined glides
lope. Specifically, the processor of the present invention
compares the altitude of the aircraft to the predefined
glideslope and determines a calculated distance. For
example, in one embodiment, the predefined glideslope is
defined by the following equation:
where

55

0=predetermined glideslope angle,
Y=altitude above the runway in ft, and
X=calculated distance value in ft.

In this embodiment of the present invention, the processor
initially determines a predetermined glideslope angle

erator.

between the aircraft and the runway. (See step 100). The

With reference to FIGS. 4 and 5, the determination of the

corrected distance between an aircraft and Selected runway
is illustrated. Specifically, FIG. 4 is an operational flow
diagram, while FIG. 5 depicts the operations in block
diagram form. To determine a corrected distance between an
aircraft and Selected runway, the processor initially receives

60

the altitude 38 of the aircraft from the altitude sensor 22,

65

shown in FIG. 3, and the elevation of the selected runway 40
from the searchable data base of the memory device 30,

runway. (See step 150). The processor compares the coor
48, (see step 160), and selects with a selector 50 one of the

calculated distance value is a distance value calculated based

on a mathematical relationship between the altitude of the
aircraft and a predetermined glideslope, as opposed to the
coordinate distance value, which is a physical distance
between the aircraft and the Selected runway.
By Selecting a corrected distance value based on the
distance and altitude between the aircraft and runway and
the predetermined glideslope, the present invention can
alleviate Some of the problems associated with using a
Selected runway for ground proximity warning calculations.
Specifically, if the aircraft is positioned in relation to the
Selected runway Such that it is unlikely that the aircraft is
landing on the runway, the present invention Selects a
calculated distance value for use in the ground proximity
warning calculations. This may be advantageous as the

the calculated distance value.

predetermined glideslope angle is typically dependent upon
the type of aircraft. Specifically, aircraft typically approach
a runway for landing at a desired or recommended glides
lope angle. Glideslope angles exceeding these desired or
recommended limits may be dangerous for landing. For
example, many commercial aircraft have a maximum glides
lope angle of 6 or 7, while smaller aircraft have desired or
recommended glideslopes in the range of 3 to 7. The

US 6,477,449 B1
10
present invention typically Selects a predetermined glides
lope that is either a maximum or near maximum glideslope
angle for landing the aircraft.
For example, in one embodiment, the predetermined
glideslope angle is 6. In this embodiment, the predeter
mined glideslope 44, shown in FIG. 5, is a line defined by
the equation:

lope. AS Such, the processor Selects the coordinate distance
value as the corrected distance between the aircraft and the

Selected runway for use in ground proximity calculations.

(See step 170).

FIG. 6B illustrates an instance where the glideslope of the
aircraft with respect to the runway has exceeded the prede
termined glideslope 54, i.e., the aircraft would have to
exceed the predetermine glideslope angle in order to land on
the Selected runway. In this instance, when the processor
applies the altitude of the aircraft to the equation, the
processor again essentially places the aircraft on the prede
termined glideslope 54 at a position 58 corresponding to the
altitude of the aircraft. This proceSS generates a calculated
distance value 60 between the position 58 of the aircraft on

or in instances where there is no offset in the Y direction, i.e.,
b=0, then
where

15

Y=calculated distance to runway in nm, and
X=altitude of the aircraft above the runway ft.
In this embodiment, the processor determines the altitude

After the processor has determined a calculated distance
value, the processor next generates a coordinate distance
value 64 representing a distance between the global coor
dinate values of the aircraft and the global coordinate values

of the aircraft above the selected runway, (see step 120), and

using the predetermined glideslope angle and the altitude
above the runway, determines a calculated distance value.
Specifically, using the above equation for a glideslope of 6,

the processor applies the altitude (X) and Solves for the
calculated distance to runway (Y). The processor next
compares the coordinate and the calculated distance values
and Selects the larger of the distance values as the corrected

of the selected runway. (See step 150). The processor next

25

distance between the aircraft and the Selected runway. (See
step 170).

AS discussed above, the apparatus and method of the
present invention use the comparison of a calculated dis

FIG. 6A illustrates an instance where the aircraft 52 is

35

located inside a predefined glideslope 54. In this
embodiment, the predefined glideslope is 0=6, which rep
resents a maximum desired glideslope for landing of the
aircraft. To determine the corrected distance value, the

processor first determines the altitude 56 of the aircraft

40

above the runway. (See step 120). The altitude of the aircraft

is then applied to the equation:

45

AS indicated by the dashed lines, the processor essentially
places the aircraft on the predetermined glideslope 54 at a
position 58 corresponding to the altitude of the aircraft. This
process generates a calculated distance value 60 between the
position 58 of the aircraft on the predetermined glideslope

global coordinate values of the Selected runway. (See Step
150). The processor compares the coordinate 62 and the

calculated distance 60 values and Selects the larger. This
comparison determines the position of the aircraft with
respect to the predetermined glideslope and which distance
value should be used for ground proximity warning calcu
lations. Specifically, in this instance, the coordinate distance
value 62 is larger than the calculated distance value 60
indicating that the aircraft is within the predefined glides

exceeds the predetermined glideslope, a corrected distance
is used for ground proximity warning calculations.
Selection of the calculated distance value for ground
proximity warning calculations when the aircraft is outside
of the predefined envelope is typically advantageous.
Specifically, the calculated distance value accounts for the
altitude of the aircraft above the selected runway. Further, as
the aircraft approaches the runway at a given altitude, the
calculated distance value will correspond to a distance to
runway value at the given altitude along the predefined
envelope, while the actual distance value between the air
craft and selected runway will decrease. When the aircraft
exceeds the predefined glideslope, the calculated distance
value will correspond to a larger look ahead distance value
than the actual distance value. AS Such, if the aircraft

50

exceeds the predefined envelope, a larger look ahead dis
tance value will be used for ground proximity warning
calculations.

and the selected runway. (See step 130).
The processor also determines a coordinate distance
value. Specifically, the processor next generates a coordinate
distance value 62 representing an actual or physical distance
between the global coordinate values of the aircraft and the

compares the coordinate 64 and the calculated distance 60
values and Selects the larger. This comparison determines
the position of the aircraft and which distance value should
be used for ground proximity warning calculations.
Specifically, in this instance, the calculated distance value 60
is larger than the coordinate distance value 64 indicating that
the aircraft has exceeded the predefined glideslope. The
processor Selects the calculated distance value as the cor
rected distance between the aircraft and the Selected runway

for use in ground proximity calculations. (See Step 170). AS
Such, in instances where the aircraft nears the Selected
runway, but is at a position with respect to the runway that

tance value to a coordinate distance value to determine

whether the aircraft has exceeded a predefined glideslope
and to determine a corrected distance to runway. FIGS. 6A
and 6B further illustrate this determination. Specifically,

the predetermined glideslope and the Selected runway. (See
step 130).

55
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In addition to providing apparatus and methods, the
present invention also provides computer program products
for determining a corrected distance between an aircraft and
Selected runway. The computer program products have a
computer readable Storage medium having computer read
able program code means embodied in the medium. With
reference to FIG. 3, the computer readable Storage medium
may be part of the memory device 30, and the processor 36
of the present invention may implement the computer read
able program code means to determine a corrected distance
between the aircraft and Selected runway as described in the
various embodiments above.

65

The computer-readable program code means includes first
computer instruction means for comparing a coordinate
distance value representing a distance between the global
coordinate values of the aircraft and the global coordinate
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values of the Selected runway to a calculated distance value
calculated based on the altitude of the aircraft above the
runway and a predetermined glideslope. Further, the
computer-readable program code means also includes Sec
ond computer instruction means for Selecting one of the

12
block(s) or Step(s). Accordingly, blocks or steps of the block
diagram, flowchart or control flow illustrations Support
combinations of means for performing the Specified
functions, combinations of StepS for performing the Speci
fied functions and program instruction means for performing
the specified functions. It will also be understood that each
block or step of the block diagram, flowchart or control flow
illustrations, and combinations of blockS or Steps in the
block diagram, flowchart or control flow illustrations, can be
implemented by Special purpose hardware-based computer
Systems which perform the Specified functions or Steps, or
combinations of Special purpose hardware and computer

coordinate distance and the calculated distance value as the
corrected distance between the aircraft and the Selected

runway based on a mathematical relationship between the
coordinate and calculated distance values.

With reference to the Second computer instruction means,
in one embodiment, the Second computer instruction means
includes means for Selecting the larger of the coordinate

instructions.

distance and the calculated distance value as the corrected

distance between the aircraft and the Selected runway.
In one embodiment, the computer-readable program code
means further includes third computer instruction means for
receiving an altitude of the aircraft and an elevation of the
Selected runway and fourth computer instruction means for
subtracting the altitude of the aircraft from the elevation of
the runway to generate a value representing the altitude of
the aircraft above the runway. The computer-readable pro
gram code means may further include fifth computer instruc
tion means for determining the calculated distance value to
be equal to the distance to the Selected runway associated
with the altitude by the predefined relationship.
For instance, in one embodiment, the predefined glides
lope defines a predefined relationship between altitude and
distance to the Selected runway expressed as:

15

distance values. One look ahead distance value is used for
25

The look ahead distance for terrain advisory signals is
typically based upon one of the following calculated values:

1) look ahead distance based on distance to runway, 2)
ground speed look ahead distance value, or 3) the roll angle

look ahead distance value. More particularly, the ground
proximity warning System typically calculates each of the

0=predetermined glideslope angle,
Y=altitude above the runway in ft, and
In this embodiment, the fifth computer instruction means
includes means for determining the calculated distance value
based on the predetermined glideslope angle and the altitude
of the aircraft above the selected runway.
In this regard, FIGS. 3, 4, and 5 are block diagram,
flowchart and control flow illustrations of methods, systems
and program products according to the invention. It will be
understood that each block or Step of the block diagram,

35
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fied in the block diagram, flowchart or control flow block(s)
or step(s). The computer program instructions may also be

loaded onto a computer or other programmable apparatus to
cause a Series of operational Steps to be performed on the
computer or other programmable apparatus to produce a
computer implemented process Such that the instructions
which execute on the computer or other programmable
apparatus provide Steps for implementing the functions
Specified in the block diagram, flowchart or control flow

advisory.
Specifically, with reference to FIGS. 7 and 8, the deter
mination of the look ahead distance advisory is illustrated.
Specifically, FIG. 7 depicts the operations in block diagram
form, while FIG. 8 is an operational flow diagram. It must
be understood that the various Steps and/or elements shown
in FIGS. 7 and 8 may be performed by the processor or by
discrete components communicably connected to the pro
the three look ahead distance values may be performed in
any order by the processor or Simultaneously by the pro
CCSSO.

With reference to FIG. 7, the processor of one embodi
ment of the present invention determines at least three
50

diagram, flowchart or control flow block(s) or Step(s). These

computer program instructions may also be Stored in a
computer-readable memory that can direct a computer or
other programmable apparatus to function in a particular
manner, Such that the instructions Stored in the computer
readable memory produce an article of manufacture includ
ing instruction means which implement the function Speci

above look ahead distance values and Selects the Smallest of
these values as the look ahead distance for the terrain

ceSSor. It must also be understood that the determination of

flowchart and control flow illustrations, and combinations of

blocks in the block diagram, flowchart and control flow
illustrations, can be implemented by computer program
instructions. These computer program instructions may be
loaded onto a computer or other programmable apparatus to
produce a machine, Such that the instructions which execute
on the computer or other programmable apparatus create
means for implementing the functions Specified in the block

terrain advisory Signals and a Second look ahead distance
value is used for terrain warning Signals that require more
immediate evasive action.

where

X=calculated distance value in ft.

AS discussed previously, the distance between the aircraft
and Selected runway is used for many of the ground proX
imity warning calculations. For example, the distance to a
Selected runway is used for generating terrain clearance floor
envelopes about the aircraft. Importantly, the distance
between the aircraft and a Selected runway is also used for
generating a look ahead distance value used for ground
proximity warning alarms. Specifically, with reference to
U.S. Pat. No. 5,839,080 to Muller, the ground proximity
warning System generates at least two different look head

55

Separate look ahead distance values: 1) look ahead distance
based on distance to runway 66, 2) ground speed look ahead
distance 68, and 3) the roll angle look ahead distance 70.
In particular, using the operations shown in FIG. 7, (see
block 74), the processor initially determines a look ahead
distance value based on the corrected distance 72 to a

selected runway. Specifically, with reference to FIGS. 7 and
8, as previously described above in FIGS. 3, 4, and 5, the
processor initially determines a corrected distance to runway

72. (See step 200). This corrected distance is then applied to

60

the equation 76 earlier depicted in FIG. 2. This equation
provides look ahead distance as a function of distance
between an aircraft and Selected runway, in this case, the
corrected distance. Based on this equation, the processor

determines a look ahead distance 66. (See step 210).
65

Specifically, the corrected distance value is applied to the
equation:
LADC

=(7.25/13)(Distance to Runway)-0.365,
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for look ahead distance (LAD) values between 0.75

14
In addition to calculating a look ahead distance based on
the distance between the aircraft and Selected runway and a
look ahead distance based on ground Speed, the processor

between 2 nm to 15 nm, the look ahead distance value is in

roll angle of the aircraft 90. The roll angle look ahead
distance is based on a look ahead time for the actual turning
radius of the aircraft and an added reaction delay time. For
example, in one embodiment, the roll angle look ahead
distance is based on the actual turning radius of the aircraft

nms LADS8 nm corresponding to corrected distances
between the aircraft and runway of 2 nm to 15 nm. AS can
be seen from this equation, for corrected distance values

also determines a look ahead distance based on the actual

the range of 0.75 nm to 8 nm. For corrected distance values
less than 2 nm, the look ahead distance is 0.75 nm, and for

corrected distance values greater than 15 nm, the look ahead
distance is 8 nm. It will be noted that in the earlier discussion

of this equation, the look ahead distance value was limited
to a maximum value of 4 nm. In the present invention, the
maximum limit has been increased to 8 nm. This change in
maximum limit has altered the Slope and y-intercept of the
equation Somewhat.
In addition to calculating a look ahead distance based on

and an added 5 Seconds of reaction time. In this

embodiment, the roll angle look ahead distance is deter
mined by the following equation 94:
LADona-(Vg (0.000014598)/tan(Roll))+Vg(0.0013307)+K
15

the corrected distance between the aircraft and Selected

LAD=ground Speed look ahead distance in nm,
Vg=ground Speed in kts,

runway, the processor also determines a ground Speed look
ahead distance value 68. The ground Speed look ahead
distance is based on a look ahead time for a single turning
radius based on the ground Speed of the aircraft and the
banking and turning radius of the aircraft. For example, in
one embodiment, the ground Speed look ahead distance is
based on two turning radii of the aircraft at a bank angle of

K=constant, and

Roll=actual roll angle of the aircraft.
The derivation of this equation is discussed in detail later
below.

30 with an added 10 seconds of reaction time. In this

embodiment, the ground Speed look ahead distance value is
defined by the following equation 82:
LADo, s-0.00278(Vg)+0.000050568(Vg)+K

25

mine the roll angle look ahead distance value. (See Step
280).
After the processor has generated look ahead distance
values based on the corrected distance to runway, ground

LAD=ground Speed look ahead distance in nm,
Vg=ground Speed in kts, and
K=constant.

Speed, and roll angle of the aircraft, the processor next
35

below.

With reference to the operations shown in FIG. 7, (see
block 78), and FIG. 8, to determine the ground speed look
ahead distance value, the processor receives the ground
speed 80 of the aircraft from the airspeed sensor 24, shown

40

in FIG. 3. (See step 220). The processor applies the ground
Speed to the ground Speed look ahead equation 82 and

calculates a ground speed look ahead distance value. (See
step 230).

Optionally, the ground Speed look ahead distance value
may next be compared to a limiter 84. The limiter limits the
ground Speed look ahead distance by upper and lower limits

45

one embodiment, the look ahead distance value is limited to
50
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a lower limit of 0.75 nm and an upper limit of 8 nm.
AS described above, the various apparatus of the present
invention includes a processor. It must be understood that
the processor may consist of any number of devices. The
processor may be a data processing device, Such as a
microprocessor or microcontroller or a central processing
unit. The processor could be another logic device Such as a

DMA (Direct Memory Access) processor, an integrated
communication processor device, a custom VLSI (Very
Large Scale Integration) device or an ASIC (Application
Specific Integrated Circuit) device.

60

AS discussed above, the present invention determines

three different look ahead distance values: 1) one based on
the corrected distance between the aircraft and Selected
runway, 2) one based on the ground speed of the aircraft, and
3) one based on the actual roll angle of the aircraft. While the

from 0.85 nm to 1 nm. For corrected distance values less

than 7 nm, the approach constant Ka is 0.85 nm, and for
corrected distance values greater than 8 nm, the approach
constant KAPP is 1 nm.

Optionally, the selected look ahead distance value 98 may
also be applied to a second limiter 100 to limit the look
ahead distance value based on the corrected distance

look ahead distance value 68. (See step 250). The approach
constant Karr is based on the corrected distance between the
aircraft and Selected runway. Specifically, the corrected
distance value 72 is applied to a determiner 88. The deter
miner compares the corrected distance to an equation relat
ing distance to runway to an approach constant. For
example, in one embodiment, for corrected distance values
between 7 nm and 8 nm, the approach constant Ka ranges

instance, in one embodiment, the processor Selects the
Smallest of the three look ahead distance values for ground
proximity warning calculations. The Smaller of the look
ahead distance values is typically Selected to provide the
most conservative look ahead distance to thereby reduce

between the aircraft and Selected runway. For instance, in

not limited at all.

The ground Speed look ahead distance is next multiplied
by an approach constant Karr 86 to generate a ground Speed

compares each of the three values with a selector 96, (see
step 290), and selects a look ahead distance 98 for ground
proximity warning calculations. (See step 300). For

instances of nuisance alarms.

based on the speed of the aircraft. (See step 240).

Specifically, in one embodiment, the limiter limits the
ground Speed look ahead distance value to a lower limit of
0.75 nm to 1.5 nm and an upper limit of 4 nm. In another
embodiment, the ground Speed look ahead distance value is

With reference to the operations shown in FIG. 7, (see
block 70), and FIG. 8, to determine the roll angle lookahead
distance value, the processor receives the roll angle 90 of the
aircraft. (See step 260). The processor first processes the roll
angle by taking the absolute value, (see block 92), of the roll
angle. (See Step 270). The processed signal is then applied
to the roll angle look ahead distance equation 94 to deter

where

The derivation of this equation is discussed in detail in U.S.
Pat. No. 5,839,080 to Muller and is also provided later

where

65

look ahead distance value based on corrected distance to

runway is determined by application of the corrected dis
tance to an equation relating distance to look ahead distance,
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the remaining two look ahead distance values are deter
mined based on equations relating the ground Speed and roll
angle of the aircraft and flight characteristics of the aircraft.
Specifically, the ground Speed look ahead distance value is
based on a look ahead time for an assumed turning radius of
the aircraft, the ground Speed of the aircraft, and the banking
and turning radius of the aircraft, while the roll angle look
ahead distance value is based on the actual turning radius of
the aircraft and the ground Speed of the aircraft. The deri
Vation of the equations for these two look ahead values is

The look ahead time T1 for a Single turning radius is:
T1=R/Vg

Substituting for R from equation (1) in equation (3), T1 for
a single turn radius is:
TI = Vg/(Gxtan(Roll)
= 0.000025284 (Vg)

discussed below.

Specifically, FIG. 9 illustrates an aircraft 16, an aircraft
turning radius R, either actual or assumed, and various
turning and reaction times T1–T3. AS discussed, the ground
Speed look ahead distance is based on an assumed turning
radius R, while the roll angle look ahead distance is based
on the actual turning radius R of the aircraft. The determi
nation of the ground Speed and roll angle look ahead
distance values is based on the equation for the turning
radius R. The turning radius R is proportional to the Square
of the ground Speed and inversely proportional to the bank

Eq.(3)

Eq. (4)

By assuming that the fixed clearance X, (see FIG. 9), is
two turn radii, (i.e., T1+T2), is twice the time T1 for a single
turning radius. Thus, the total look ahead time is 2(T1) plus

equal to one turning radius R, the total look ahead time for

15

a predetermined reaction time T3.

The reaction time T3 of 10 seconds is equal to:
T3 = 10 secx (1 kts)

angle (Roll):

Eq. (6)

= 10 secx (1 nm/h)

= 10 secx (1/3600 nm/sec)
The equation for R is used to determine the equations for

= 0.00278
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AS Such, the total look ahead time is:

both look ahead distance values.

AS examples, in one embodiment, the ground Speed look
ahead distance value is based on two assumed turning radii
of the aircraft at a bank angle of 30 with an added 10
seconds of reaction time. As shown in FIG. 9, the ground
Speed look ahead distance, in this embodiment, is equal to
the Sum of a look ahead time T1 for a Single turning radius

T(Total) = 2(TI) + T3
= 20.000025284)Vg + 0.00278.

The ground Speed look ahead distance value is determined

by multiplying the total time T(Total) of equation (7) by the

R; a look ahead time T2 for a terrain clearance; and a

predetermined reaction time T3. The terrain clearance T2 is
provided to prevent inadvertent terrain contact as a result of
the turn. The terrain clearance may be a fixed distance X or
it may be equal to the turning radius R of the aircraft.
As shown in FIG. 7, in one embodiment the ground speed
look ahead distance value is based on the equation 82:
LADs-0.00278(Vg)+0.000050568(Vg)+K

35

O

40
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K=constant.

The derivation of this equation is discussed in detail in U.S.
Pat. No. 5,839,080 to Muller and is also provided below.
Specifically, the turning radius R is proportional to the
Square of the ground Speed and inversely proportional to the

50
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R=turning radius in nm,
Vg=ground Speed in kts,
G=Speed of gravity, and
Roll=aSSumed roll angle of aircraft.
For a bank angle of 30, the turning radius R in nautical

LAD=ground Speed look ahead distance in nm,
Vg=ground Speed in kts,
60

G=32.1741 ft/sec or 68624.496 mm/h
65

Eq.(2)

As shown in FIG. 7, in this embodiment the roll angle
look ahead distance value is based on the equation 94:
LADona-(Vg(0.000014598)/tan(ROLL))+Vg(0.0013307)+K
where

miles (nm) as a function of Speed in kts is:
tan(30)=T/6=0.57735
R=0.000025284(Vg)

LADo, s-0.000050568(Vg)+0.00278(Vg)+K
A constant K is added to the equation, which is typically 0.
AS opposed to the ground Speed look ahead distance,
which is based on a theoretical turning radius of the aircraft,
the roll angle look ahead distance is based on the actual roll
angle of the aircraft and a predetermined reaction time.
Specifically, as shown in FIG. 9, the roll angle look ahead
distance is equal to the Sum of a look ahead time T1 for the
actual roll of the aircraft at radius R and a predetermined
reaction time T3. For example, in one embodiment of the
present invention, the roll look ahead distance is based on
the actual roll angle of the aircraft and a reaction time of 5
Seconds.

bank angle (Roll):
where

Speed of the aircraft:

LADGround seei=VgxT(Total)

where

LAD=ground Speed look ahead distance in nm,
Vg=ground Speed in kts, and

Eq. (7)

K=constant, and

ROLL=actual roll angle of the aircraft.
The derivation of this equation is as follows.
Specifically, as Stated previously, the turning radius R is
proportional to the Square of the ground Speed and inversely

proportional to the bank angle (Roll):
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between the global coordinate values of the aircraft and the
global coordinate values of the Selected runway to a calcu
lated distance value calculated based on the altitude of the
aircraft above the runway and a predetermined glideslope,
Said predetermined glideslope based on predetermined oper
ating parameters of the aircraft, and wherein Said processor

where

R=turning radius in nm,
Vg=ground Speed in kts,
G=Speed of gravity, and
Roll=roll angle of aircraft.
In the determination of the roll angle look ahead distance,
the actual roll angle of the aircraft is used. AS Such, the roll

Selects one of the coordinate distance value and the calcu
lated distance value as the corrected distance between the

aircraft and the Selected runway based on a mathematical
relationship between the coordinate and calculated distance

angle in the equation (1) is the actual roll angle of the

aircraft. For the given roll angle of the aircraft, the turning

values.

radius R in nautical miles (nm) as a function of Speed in kts

2. An apparatus according to claim 1, wherein Said
processor Selects the larger of the coordinate distance value

is for:

and the calculated distance value as the corrected distance

G=32.1741 ft/sec or 68624.496 mm/h

R=(0.000014598(Vg))/tan(Roll)

Eq.(8)

15

The look ahead time T1 for the actual roll angle of the
aircraft is:

Substituting for R from equation (8) in equation (3), T1 for
a single turn radius is:
T1=(0.000014598(Vg))/tan(Roll)

Eq.(9)

25

The reaction time T3 of 5 seconds is equal to:
T3 = 5 secx (1 kts)

= 5 secx (1 nm/h)

between the aircraft and the Selected runway.
3. An apparatus according to claim 1, wherein Said
processor receives an altitude of the aircraft and an elevation
of the Selected runway, and wherein Said processor Subtracts
the altitude of the aircraft from the elevation of the runway
to generate a value representing the altitude of the aircraft
above the runway.
4. An apparatus according to claim 1, wherein the prede
termined glideslope defines a predefined relationship
between altitude and distance to the Selected runway, Such
that Said processor determines the calculated distance value
to be equal to the distance to the Selected runway associated
with the altitude by the predefined relationship.
5. An apparatus according to claim 4, wherein the pre
defined glideslope defines a predefined relationship between
altitude and distance to the Selected runway expressed as:

= 5 secx (1/3600 nm/sec)
where

= 0.001.3307

AS Such, the total look ahead time is:
T(Total) = T1 + T3
= ((0.000014598) Vg)?tan(Roll) + 0.0013307.

35

Eq. (10)
40

The roll angle look ahead distance value is determined by

multiplying the total time T(Total) of equation (10) by the

Speed of the aircraft:
LADR A-VgxT(Total)

45

O

LADrt a=(0.000014598) Vg-)?tan(Roll)+0.0013307(Vg)+K

A constant K is added to the equation, which is typically 0.
Many modifications and other embodiments of the inven
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0=predetermined glideslope angle
Y=altitude above the runway
X=calculated distance value,

wherein Said processor determines the calculated distance
value based on the predetermined glideslope angle and the
altitude of the aircraft above the selected runway.
6. A method for determining a corrected distance between
an aircraft and a Selected runway based on an altitude and
distance of the aircraft from the Selected runway, wherein
Said method comprises the Steps of
comparing a coordinate distance value representing a
distance between the global coordinate values of the
aircraft and the global coordinate values of the Selected
runway to a calculated distance value calculated based
on the altitude of the aircraft above the runway and a
predetermined glideslope, Said predetermined glides
lope based on predetermined operating parameters of
the aircraft; and

tion will come to mind to one skilled in the art to which this

Selecting one of the coordinate distance and the calculated

invention pertains having the benefit of the teachings pre
Sented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the invention
is not to be limited to the specific embodiments disclosed

distance value as the corrected distance between the
55

distance values.

7. A method according to claim 6, wherein Said Selecting
Step comprises Selecting the larger of the coordinate distance

and that modifications and other embodiments are intended

to be included within the Scope of the appended claims.
Although specific terms are employed herein, they are used
in a generic and descriptive Sense only and not for purposes

value and the calculated distance value as the corrected
60

of limitation.
What is claimed is:

1. An apparatus for determining a corrected distance
between an aircraft and a Selected runway based on an
altitude and distance of the aircraft from the selected

runway, wherein Said apparatus comprises a processor that
compares a coordinate distance value representing a distance

aircraft and the Selected runway based on a mathemati
cal relationship between the coordinate and calculated

65

distance between the aircraft and the Selected runway.
8. A method according to claim 6 further comprising the
Steps of
receiving an altitude of the aircraft and an elevation of the
Selected runway; and
subtracting the altitude of the aircraft from the elevation
of the runway to generate a value representing the
altitude of the aircraft above the runway.
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9. A method according to claim 6, wherein the predeter
mined glideslope defines a predefined relationship between
altitude and distance to the Selected runway, wherein Said
method further comprises determining the calculated dis
tance value to be equal to the distance to the Selected runway
asSociated with the altitude by the predefined relationship.
10. A method according to claim 9, wherein the pre
defined glideslope defines a predefined relationship between
altitude and distance to the Selected runway expressed as:

15. A computer program product as defined in claim 14,
wherein the predefined glideslope defines a predefined rela
tionship between altitude and distance to the Selected run
way expressed as:
where
1O

0 is the predetermined glideslope angle
Y is the altitude above the runway
X is the calculated distance value,

where

0 is the predetermined glideslope angle
Y is the altitude above the runway
X is the calculated distance value,
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wherein Said determining Step comprises determining the
calculated distance value based on the predetermined glides
lope angle and the altitude of the aircraft above the Selected
runway.

11. A computer program product for determining a cor
rected distance between an aircraft and a Selected runway
based on an altitude and distance of the aircraft from the

Selected runway, wherein the computer program product
comprises:
a computer readable Storage medium having computer
readable program code means embodied in Said
medium, Said computer-readable program code means
comprising:
first computer instruction means for comparing a coor
dinate distance value representing a distance
between the global coordinate values of the aircraft
and the global coordinate values of the Selected
runway to a calculated distance value calculated
based on the altitude of the aircraft above the runway
and a predetermined glideslope, Said predetermined
glideslope based on predetermined operating param

25

value calculated based on the altitude of the aircraft above

the runway and the predetermined glideslope if the aircraft
is positioned outside the envelope.
17. An apparatus according to claim 16, wherein Said
processor Selects one of the coordinate distance and the
calculated distance value as the corrected distance between

the aircraft and the selected runway based on a mathematical
relationship between the coordinate and calculated distance
35

eters of the aircraft; and

the calculated distance value as the corrected distance
40

the Selected runway based on a mathematical relation
ship between the coordinate and calculated distance
values.

12. A computer program product as defined in claim 11,
wherein Said Second computer instruction means comprises
means for Selecting the larger of the coordinate distance and
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the calculated distance value as the corrected distance

between the aircraft and the Selected runway.
13. A computer program product as defined in claim 11,
wherein Said computer-readable program code means fur
ther comprises:
third computer instruction means for receiving an altitude
of the aircraft and an elevation of the Selected runway;
and

fourth computer instruction means for Subtracting the
altitude of the aircraft from the elevation of the runway
to generate a value representing the altitude of the
aircraft above the runway.
14. A computer program product as defined in claim 11,
wherein the predetermined glideslope defines a predefined
relationship between altitude and distance to the Selected
runway, wherein Said computer-readable program code
means further comprises fifth computer instruction means
for determining the calculated distance value to be equal to
the distance to the Selected runway associated with the
altitude by the predefined relationship.

values.

18. An apparatus according to claim 17, wherein Said
processor Selects the larger of the coordinate distance and

Second computer instruction means for Selecting one of
the coordinate distance and the calculated distance
value as the corrected distance between the aircraft and

wherein Said fifth computer instruction means comprises
means for determining the calculated distance value based
on the predetermined glideslope angle and the altitude of the
aircraft above the Selected runway.
16. An apparatus for determining a corrected distance
between an aircraft and a Selected runway based on the
position of the aircraft with respect to an envelope con
Structed about the Selected runway representing a predeter
mined glideslope, Said predetermined glideslope angle based
on predetermined operating parameters of the aircraft,
wherein Said apparatus comprises a processor for Selecting
a coordinate distance value representing a distance between
the global coordinate values of the aircraft and the global
coordinate values of the Selected runway if the aircraft is
within the envelope and for Selecting a calculated distance
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between the aircraft and the Selected runway.
19. An apparatus according to claim 16, wherein Said
processor receives an altitude of the aircraft and an elevation
of the Selected runway, and wherein Said processor Subtracts
the altitude of the aircraft from the elevation of the runway
to generate a value representing the altitude of the aircraft
above the runway.
20. An apparatus according to claim 16, wherein the
predetermined glideslope defines a predefined relationship
between altitude and distance to the Selected runway, Such
that Said processor determines the calculated distance value
to be equal to the distance to the Selected runway associated
with the altitude by the predefined relationship.
21. An apparatus according to claim 20, wherein the
predefined glideslope defines a predefined relationship
between altitude and distance to the Selected runway
expressed as:
where

60

0=predetermined glideslope angle
Y=altitude above the runway
X=calculated distance value,
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wherein Said processor determines the calculated distance
value based on the predetermined glideslope angle and the
altitude of the aircraft above the selected runway.
22. An apparatus according to claim 16, wherein after Said
processor determines a corrected distance between an air
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craft and a Selected runway, Said processor determines a look
ahead distance value for use in a ground proximity warning
System by comparing the corrected distance value to a
ground Speed look ahead distance value based upon the
ground Speed of the aircraft and the turning radius of the
aircraft and a roll angle look ahead distance value based
upon the roll angle of the aircraft and turning radius of the
aircraft.

23. An apparatus according to claim 22, wherein Said
processor Selects one of the calculated distance value,
ground Speed look ahead distance value, and the roll angle

22
look ahead distance value as the look ahead distance value

based on a mathematical relationship between the calculated
distance value, ground Speed look ahead distance value, and
the roll angle look ahead distance value.
24. An apparatus according to claim 23, wherein Said
processor Selects the Smaller of the calculated distance
value, ground Speed look ahead distance value, and the roll
angle look ahead distance value as the look ahead distance
value.

